Arbuscular mycorrhizal fungi (AMF) establish an obligate mutualistic symbiosis with many plant species, increasing the uptake of phosphorous and other low-mobile nutrients by roots. In addition, AMF improve biotic and abiotic stress tolerance of host plants. Under these conditions, reactive oxygen species (ROS) increase occasional damage to proteins, lipids and DNA. Antioxidative enzymes in plants can play an important role in detoxifying ROS, thereby alleviating oxidative stress. In nursery practices, plants are subjected at least to two transplant conditions before being transplanted outside. It is important to achieve an optimal plant size to withstand environmental or other stresses when plants are transplanted into the field. The transplantation process can be considered a stress because plants have to adapt to new abiotic and biotic (rhizospheric) conditions. The aim of this study was to evaluate the effect of two Rhizophagus intraradices (N.C. Schenck & G.S. Sm.) C. Walker & A. Schüßler strains, GA5 and GC2, single and co-inoculated under two-transplant soil conditions, sterile and non-sterile, using cuttings of pomegranate (Punica granatum L.) as a model plant. These results showed that the GA5 single strain-inoculated plants improved growth and antioxidative enzyme responses to two transplant stress conditions. In conclusion, early mycorrhizal inoculation generates healthy plants that are more protected against environmental conditions, thereby improving plant transplant stress tolerance.
Introduction
Agricultural practices, particularly under nursery conditions, make use of large amounts of chemical fertilizers, but only a fraction of them are effectively used by plants (Marin, 2005) . Some plants have developed adaptive mechanisms to better scavenge soil phosphorus, such as enhancing root system development by increasing the number and elongation of radical roots hairs, acidification of rhizosphere-solubilizing inorganic phosphorus and association with arbuscular mycorrhizal fungi (AMF) (Marin, 2005) .
AMF establish an obligate mutualistic symbiosis with many plant species by increasing the uptake of phosphorous and other low-mobile nutrients via roots.
Its importance is due to the role in the maintenance of soil and plant community structure and diversity.
Other benefits include the improvement of biotic and abiotic stress resistance of host plants (Ruiz-Lozano, 2003) . Modern techniques of plant propagation include the use of AMF inoculants, such as bioprotectors, phytostimulators or biofertilizers, during nursery production, but co-occurring AMF strains can differ in root colonization ability, effects on plant performance and compatibility (Helgason et al. 2002; Janoušková et al., 2009) . However, interspecific interactions between AMF may also result in negative feedback in plant growth (Violi, et al., 2007) .
In nursery practices, plants are subjected at least to two transplant conditions before being transplanted outside. The horticultural process is generally misunderstood and results in the loss of many plants (Koller, 1977) ; thus, it is important to achieve an optimal plant size to withstand environmental or other stresses when plants are transplanted into the field (Liptay et al., 1998) . The beneficial effects provided by AMF can be divided into conditions within and outside of the nursery. Under nursery conditions, beneficial effects can be less evident due to controlled conditions. It is likely that AMF do not accelerate the culture process within the nursery but promote outside transplantation success (Marin, 2005) . The transplantation process can be considered an abiotic stress because plants have to adapt to a new rhizospheric condition.
Moreover, a homeostatic imbalance in reactive oxygen species (ROS) caused by different stress conditions in plants can result in the oxidative destruction of cells (Mittler et al., 2004) . Plants can scavenge ROS via antioxidant enzymes. In addition, AMF associations can help plants to alleviate oxidative stress by enhancing the activities of antioxidant enzymes, such as catalase (CAT), superoxide dismutase (SOD), ascorbate peroxidase (APX), and other factors (Alguacil et al., 2003; Wu et al., 2010) , but the response of individual enzymes has been shown to vary depending on the fungal species and host plant (RuizLozano et al., 2012) .
Pomegranate (Punica granatum L.) is a small deciduous tree of the family Lythraceae that reaches 2-5 m in height. Its propagation is mediated by cuttings and has a first stage of cultivation in a nursery, which includes a rooting period and two instances of pot rustication.
Under this condition, plants are sensitive to dehydration after transplantation and a lack of fertilizer mainly during flowering (Parodi 1978; Aseri et al., 2008; Franck 2009; Khattab et al., 2011 ). Munkvold et al. (2004 reported that the ability of AMF to promote plant growth could vary greatly among strains of the same symbiont species. The aim of this study was to evaluate the protective effect of two strains of (2,500 ppm) was added to a wound made at the bottom of each cutting (Knight et al., 2005 Figure 1 ).
Materials and Methods

Plants
The 
Experimental design
After 30 were set up at field capacity (70 ( 1.8%), and T1 pots were found at 63.6 ( 0.9% of field capacity. Plants were placed in 1.5 L plastic pots with sterile soil and maintained 12 months at 70 ( 1.6% of field capacity (T2). Next, after 7 days, the places were transplanted from 5 L plastic pots to non-sterile soil (T3). Plants immediately transplanted to non-sterile soil were found at 40.1 ( 1.6% of field capacity; after 7 days, they reached values of 24.8 ( 0.8% of field capacity at harvest. Plants were not fertilized at those samplings.
The field capacity was calculated by weighing the substrate before and after drying at 105 ºC for 24 h (dry substrate * 100% / fresh substrate).
Growing parameters
Mycorrhization was tested 30 days after inoculation (T0) for the sterile transplant condition, and before the non-sterile transplant condition (T2). The proportion of mycorrhizae (MI%), arbuscules (A%), and vesicles (V%) in each stained sample were determined independently (McGonigle et al., 1990) .
Plant survival percentage, fresh and dry weights and water content of shoots and roots were quantified.
The shoot-to-root biomass ratio was evaluated. The Bompadre et al.
mycorrhizal dependency percentage (MD%) was measured as described in Menge et al. (1978) .
Enzymes and lipid peroxidation
For enzymatic measurements, fresh plant materials of P. granatum L. were weighed and 1 g of shoots and of roots from each plant was immediately frozen in liquid nitrogen to maintain the integrity of the tissue. Each sample was pulverized in a mortar, with polyvinylpolypyrrolidone (PVPP, 0.06 g per 6 ml -1 extraction buffer) and 5 ml of extraction buffer (KH-
EDTA). The resulting mixture was filtered through a nylon membrane to remove cell debris and centrifuged at 20,000 g for 20 minutes. Supernatants were aliquoted and maintained at -70 (C until further use.
The intracellular activities of the following enzymes were measured: catalase (CAT) was based on the decrease in absorbance at 240 nm caused by the disappearance of H 2 O 2 (Aebi, 1984) , superoxide dismutase (SOD) was measured at 560 nm according to its capacity to inhibit the photochemical reduction of nitroblue tetrazolium in the presence of riboflavin (Beyer and Fridovich, 1987) and ascorbate peroxidase (APX) was measured as the absorbance at 290 nm while ascorbic acid was oxidized (Hossain and Asada, 1984) . Enzymatic extracts from the shoots and roots were used to measure the malondialdehyde (MDA) content after the reaction with a solution of trichloroacetic acid and thiobarbituric acid as previously described by Hodges et al. (1999) . Enzyme activities and MDA content measurements were standardized by protein determination (PROT) (Bradford, 1976) .
Statistical analysis
The experiments listed consisted of a randomized block factorial design with two factors: 1) AMF strains inoculation and 2) transplant condition. All data were subjected to a two-way analysis of variance (ANOVA) followed by the Tukey test (honest significant difference HSD) (P < 0.05). Assumptions of homogeneity of variance and normality were confirmed (Clewer and Scarisbrick, 2001 ). Statistical procedures were performed using the software STA-TISTICA 6.0.
Results
Among the different treatments, there were no differences regarding mycorrhization percentages, proportion of arbuscules and vesicles (data not shown).
Single inoculated cuttings showed significantly less survival percentage (75.00 ± 6.67% in GA5 and 73.30 ± 7.59% in GC2) compared to control plants (Table   1) . A significant decrease in PROT content was observed (Table 1) . Under the same condition, GC2-inoculated plants decreased CAT and SOD, although there were no significant differences in comparison to control plants. In addition, a significant increase in APX activity was observed (Figure 3a, c) . However, the MDA content significantly increased, but these values were significantly lower than control plants under the same condition. Moreover, PROT was significantly higher at T1 but no differences were observed in comparison to control plants (Table 1 ). All enzymatic activities (Figure 3a -c) and PROT content in the shoots of co-inoculated plants were similar to the control treatment (Table 1) and only the MDA content was significantly lower than the control plants (Table 1) .
Regarding roots, plants at T0 and inoculated with GA5 increased significantly SOD and APX enzyme activities (Figure 3e, f) . However, MDA and PROT contents were similar to control plants (Table 1) PROT increased in co-inoculated plants meanwhile no changes were observed in GC2 (Table 1) . Pomegranate transplant stress can be ameliorated by Rhizophagus intraradices 
Treatments: C (control without inoculation); GA5 (Rhizophagus intraradices GA5 strain inoculation); GC2 (Rhizophagus in-
traradices GC2 strain inoculation); GA5+GC2 (1:1 mixture of GA5 and GC2 strains). T0 (on raised table); T1 (3 days transplanted on sterile soil). Different letters into each column denote significant differences, *P ( 0.05, **P ( 0.01, ***P ( 0.001, not significant (n.s.). Data represent mean values ± standard error of mean (n = 6). Pomegranate transplant stress can be ameliorated by Rhizophagus intraradices T3 and a single inoculation showed no change under transplant condition, but was significantly lower than control plants at both conditions (Figure 4f ). The transplant condition decreased root water content in inoculated treatments in contrast to control treatment.
Moreover, this was markedly observed in GC2 and co-inoculated roots (Figure 4g ). However, only coinoculated roots showed the highest MD at T2; however, at T3, they decreased (Figure 4h Co-inoculation decreased CAT enzyme activity at T3.
Moreover, these values were significantly higher than control plants (Figure 6d ). However, SOD dramatically decreased in T3 (Figure 6e ). There were no changes in MDA content, although they were significantly higher than control plants (Table 2 ). No differences were observed in PROT content for all treatments in T2 and T3 (Table 2) .
Discussion
Plant survival evaluation plays an important role in transplantation acclimation. Alguacil et al. (2003) found high survival rates in non-mycorrhizal plants followed by the mixture of native AMF applied to three forest plants. Thus, despite demonstrating less survival in single inoculation, water content was higher particularly in the shoots. In roots, GA5-inoculated plants enhanced the water content. In addition, coinoculation showed no additional benefit at the initial growth stage. The mycorrhizal dependency parameter is useful to test the degree of plant maximum growth production under the mycorrhizal condition (Menge et al., 1978) . In our experiments, at the initial stage of pomegranate cuttings growth, we found no evidence in mycorrhizal dependency to the transplantation protection condition. Nursery-controlled conditions combined with sterilized substrate could be the reason underlying the lack of any observed differences.
The protection against oxidative stress caused by the transplant was improved by GA5 strain an increase in more than one enzymatic activity and diminishing lipid damage. Previous work demonstrated that the GC2 strain improved pomegranate plants against oxidative stress at reduced water availability . The GC2 strain has a low growth rate observed in our laboratory compared to GA5 behavior (Aseri et al., 2008; Singh et al., 2012) , and thus, the photosynthetic apparatus in GA5 inoculated pomegranate was protected against oxidative stress. In particular, in GC2-inoculated plants, only APX was enhanced. Zou et al. (2014) suggested that the presence of AMF could induce antioxidant enzymes activities to prevent an over-accumulation of ROS as a protective mechanism. However, co-inoculation had no protective effect as demonstrated in the early growth stage.
Studies performed in Retama sphaerocarpa under drought showed that phosphorus addition increased APX enzymatic activity in comparison to autochthonous AMF or R. intraradices inoculation . Alguacil et al. (2003) found that the effects of the mycorrhizal inoculation treatments on antioxidant enzyme activities varied depending on the shrub species. In particular, they observed a small increase in antioxidant enzyme activities in Olea europaea L.
shoots. However, Wu et al. (2007) observed an ability to improve the water relations of Citrus tangerine Hort. ex Tanaka and five AMF tested and antioxidant enzyme activities.
In roots, the response to oxidative stress in sterile transplant soil was less evident on inoculated plants most likely due to better osmotic adjustment. Consistent with Mahmood and Rizvi (2010) , AMF has the ability to promote plant survival in response to transplant stress.
During 12 months of pomegranate nursery growth, co-inoculation of plants showed fewer intraradical structures that may be due to either one of two fungal strains, which could be formed in the presence of each other, causing a competitive effect between symbionts. The same behavior was observed by Alkan et al. (2006) , García et al. (2017) , Janoušková et al. (2009) and Miranda et al. (2011) . Moreover, host plants are preferentially colonized by specific strains of AMF (Zhu et al., 2000) . It is known that mycorrhizal dependency can be altered by many variables in a given plant (Menge et al., 1978; Wu et al., 2007) . Moreover, 
Conclusions
In conclusion, our experiments demonstrated that early mycorrhizal inoculation in the plant production of Punica granatum L. generates healthy plants that are more protected against environmental stress. Pomegranate transplant stress tolerance improvement was particularly mediated by the GA5 strain, making the symbiotic AMF potentially useful in plant production.
In addition, in comparison to previous work, we demonstrated that it is important to evaluate mycorrhizalhost combination depending of the final condition in which the plant will be established, to ensure optimization of the chosen combination.
